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(Cao 44) 

A METHOD OF SELECTING CELLS OF BASE STATIONS FOR 
SOFT-HANDOVER CONNECTION, AND A NETWORK FOR 
MOBILE TELECOMMUNICATIONS 

Technical Field 

The present invention relates to a method of selecting cells of base 
stations of a network for mobile telecommunications for soft-handover connection with 
5 a mobile user terminal so as to provide at a first network node multiple received 

representations of a data frame from the mobile user terminal within a predetermined 
period. 

The present invention also relates to a network for mobile 
telecommunications comprising a selector operative to select cells of base stations for 
10 soft-handover connection with a mobile user terminal so as to provide at a first network 
node multiple received representations of a data frame from the mobile user terminal 
within a predetermined period. 

Background of the Invention 

In code division multiple access (CDMA) systems, a mobile user 
1 5 terminal may be in a region in which soft-handover is possible. In a soft-handover 
scenario, signals from the mobile user terminal are received by more than one cell of a 
network. 

In a soft-handover scenario, a mobile user terminal is normally given a 
set of neighbouring cells (known as a "monitor set") to monitor and report on the radio 

20 quality of each cell in the monitor set. Whenever a cell becomes a candidate for a soft- 
handover connection, the mobile user terminal (user equipment, UE ) reports the radio 
quality of that cell to the network. The network then decides (based on the report) 
whether to make the cell part of the active set to each of which such a soft-handover 
connection is established. 

25 The selection criteria for choosing whether a cell should be in soft- 

handover connection (i.e part of the active set) depends on the radio conditions (such as 
Common Pilot Channel quality) and radio resources (such as channelisation code, cell 
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load). In a real system, other than radio-related resources and conditions, there are 
practrical constraints such the loading (i.e amount of traffic) being handled by an 
interface and bandwidth limits. 

When there is more than one soft-handover connection, the best quality 
5 received signal from amongst those received is selected. Selecting the best signal of 
these received by the different cells (in the uplink direction), and from the different cells 
(in the downlink direction) is however only posidble where the delay between signals 
via different cells is not too large. In a Universal Mobile Telecommunications System 
(UMTS) system, differences in loading of the cells and bandwidth limitations can result 
10 in different delays, reducing the possibility of always being able to select the best signal 
received via different cells. 

Summary of the Invention 

The present invention provides a method of selecting cells of base 
stations of a network for mobile telecommunications for soft-handover connection with 
15 a mobile user terminal so as to provide at a first network node multiple received 

representations of a data frame from the mobile user terminal within a predetermined 
period, for each cell delay due to transfer of a representation of the received data frame 
across interface(s) between network nodes along a transfer path to said first network 
node is estimated by determining the contribution to the delay caused by each interface 
20 along the transfer path, cells being selected dependent upon the associated delays. 

Preferably the method of selecting cells is for inclusion in an active set 
of cells in soft-handover connection. 

Preferably the method of selecting cells is for inclusion in a set of cells 
to be monitored as to radio quality for possible inclusion in an active set of cells in soft- 
25 handover connection. 

Preferably cells are selected dependent on factors comprising the delay 
estimated, the received signal quality and the radio resources available. 

Preferably each cell estimated as providing a representation of the 
received data frame that arrives at said first network node later than a predetermined 

Furthermore preferably said first network node is a radio network 
controller (RNC). 
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The present invention also provides a network for mobile 
telecommunications comprising a selector operative to select cells of base stations for 
soft-handover connection with a mobile user terminal so as to provide at a first network 
5 node multiple received representations of a data frame from the mobile user terminal 
within a predetermined period, and further comprising delay estimation means operative 
to estimate, for each cell, delay due j transfer of a representation of the received data 
frame across interface(s) between network nodes along a transfer path to said first 
network node by determining the contribution to the delay caused by each interface 
10 along the transfer path, the selector being operative to select cells dependent upon the 
associated delays. 

Preferably the selector is operative to select cells for inclusion in an 
active set of cells in soft-handover connection. 

Preferably the selector (12) is operative to select cells for inclusion in a 
15 set of cells to be monitored as to radio quality for possible inclusion in an active set of 
cells in soft-handover connection. 

Preferably the selector (12) is operative to select cells dependent on 
factors comprising the delay estimated, the received signal quality and the radio 
resources available. 

20 Preferably the selector ( 12) is operative such that each cell (1 8,22) 

providing a representation of the received data frame that arrives at said first network 
node (14) later than a predetermined time (W) after the first (F) of the representations of 
the received data frame is not selected. 

Furthermore preferably said first network node (14) is a radio network 
25 controller (RNC), and the network comprises at least one further radio network 
controller (26), at least one radio network controller to radio network controller 
interface (8) and at least two radio network controller to base station interfaces (28,30). 

Furthermore preferably said first network node ( 1 4) comprises the 

selector (12). 

30 Selection of cells of base stations for soft-handover (also known as soft 

handoff) based on delay differences between a serving radio network controller (SRNC) 
and base stations (Node B) . 
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In preferred embodiments, the criteria for selecting a cell to be used or 
monitored for soft-handover including consideration of received signal quality and radio 
resource usage (e.g. cell loading) are extended to include delay differences caused by 
interface(s) between the serving radio network controller (RNC) and the base stations. 
5 The difference in delay of the interface between Serving RNC and Node B is directly 
related to the difference in traffic load in the interfaces. 

By considering the delay differences of the interfaces, preferred 
embodiments have the following advantages. Firstly, selection of the best received 
signal is possible. Secondly, unnecessary messaging is avoided from radio network 

10 controller to mobile user terminal and radio network controller to base station to 
establish soft-handover connections of no benefit. In other words, unnecessary 
signalling in establishing transport bearers that may not be usable in soft-handover is 
avoided. Thirdly, the size of the buffer required to store delayed traffic at the serving 
radio network controller is reduced. In other words, less buffering in the radio network 

15 controller (RNC) is required to store some frames whilst waiting for other frames from 
all of which to select. Fourthly, unnecessary reporting is avoided from the mobile user 
terminal regarding a cell in a monitor set with good radio quality but high delay on the 
associated interface(s). 

Preferred embodiments provide a selection approach based not only on 

20 radio quality and resource criteria but also on physical interface constraints for 

including or excluding a cell from the active set or monitored set for soft-handover 
connection. 

Brief Description of the Drawings 

A preferred embodiment of the present invention will now be described 
25 by way of example and with reference to the drawings, in which: 

Figure 1 is a diagram illustrating a UMTS telecommunications network, 

and 

Figure 2 is a diagram illustrating, an example of uplink message timing. 

-,nctfliledJfiacrintion 

30 As shown in Figure 1 , there is an interface(denoted IuB interface) 2 

between each base station (Node B in UMTS terminology) 4 and radio network 
controller (RNC) 6, and an interface (known as an IuR interface) 8 between two radio 
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network controllers (RNC) 6. Each base station 4 has one or more cells 10 (i.e. areas of 
coverage). In UMTS a base station 4 has three cells 10 namely one hundred and twenty 
degree angular sectors around the base station 4, 

As shown in Figure 1, the selection of which is the best received signal 
5 from the various cells in connection with a mobile user terminal 20 during soft- 
handover is done by a selector 12 which is part of a serving radio network controller 14 
controlling a base station 16 having a cell 18 in connection with the mobile user 
terminal 20. As the mobile user terminal 20 is in a soft-handover phase, signals are also 
being received by a cell 22 of another base station 24 connected to a drift radio network 
10 controller 26. 

A frame of data received by the base station 16 connected to the serving 
radio network controller 14 is sent via the respective IuB interface 28 to the serving 
radio network controller 1 4 . The same frame of data received by said another base 
station 24 is sent via IuB interface 30 to the drift radio network controller 26 then to the 

1 5 serving radio network controller 14 from the drift radio network controller 26 via the 
IuR interface 8 between the two radio network controllers 6,6,14,26. The serving radio 
network controller 14 then selects the best quality frame arriving within a selected time 
window ( known as the "receive window") from each of the different cells 1 0 in the 
active set (i.e the set of cells in soft-handover connection, two cells 18,22 of which are 

20 shown in Figure 1 for simplicity. The receive timing window starts running when the 
first of these frames is received by the serving radio network controller 14. The quality 
of each frame is determined from the accuracy of receipt of cyclic redundancy check 
data or bit error rate (BER). 

25 Delay as a factor in Selection 

The selector 12 takes into account factors such as received signal quality 
and radio resource usage (e.g. channelisation code usage, cell loading) when selecting 
which candidate cell is to be added to the active set, or which currently active cell is to 
be removed from the active set. The selector 12 in the serving radio network controller 

30 14 additionally takes the total delay due to the interfaces 2,28,30,8 over which a frame 
received by a candidate cell must be transferred to reach the serving radio network 
controller into account when making a selection of which candidate cell is to be added 
to the active set, or which currently active cell is to be removed from the active set. A 
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lower delay is, of course, preferred. The delay caused by an interface is dependent on 
the loading (i.e. amount of traffic being carried per unit time). Differences in delay in 
the interface(s) between the Serving radio network controller RNC and a base station 
are directly related to differences in the traffic load in the interfaces. 
5 These delays are also taken in account in the determination of the 

monitored set, that is the list of cells to be monitored by the mobile user terminal (UE) 
for possible selection into the active set. 

Take for example, the case where signals from the mobile user terminal 
20 are received by two cells 18,22 and the two cells 18,22 are of different base stations 

10 (Node B) 16,24. The two different luB interfaces 28,30 connecting the respective radio 
network controllers (RNC) 14,26 and base stations (Node Bs) 16,24, each have a 
different current traffic load and hence produce a differing delay in forwarding the 
received frame. If the delay is high on one of the IuB interfaces 28,30, the signal from 
the mobile user terminal 20 via that IuB interface will arrive outside the uplink received 

1 5 time-window (i.e time -window for reception of signal sent uplink) so not be available 
for selection by the selector 12. 

Figure 2 illustrates an example case of the serving radio network 
controller RNC 14 and cells 18,22 from two different base stations 16,24. With time 
being shown in terms of frame number x to x+5 from left to right, the following are 

20 shown diagrammatically in Figure 2: 

(i) the time period over which a frame from cell 18 (Cell#l) of base station 1 6 is sent, 

(ii) the time period P over which a frame F from cell 18 Cell#l of base station 16 is 
received, 

(iiii) the time period over which a frame from cell 22 (Cell#2) of base station 22 is sent, 
25 (iv) the time period P'over which a frame F'from cell 22 (Cell#2) of base station 22 is 
received. 

The receive timing window W is also shown, where window W runs from the start of 
the time period P over which a frame from cell 1 8 (Cell#l) of base station 22 is 
received. 

30 It will b e seen that the frame (i.e traffic block) F\ i.e. the data frame 

#(x+l) from the mobile user terminal 20 via a cell 22 (Cell#2) will not be selectable (i.e 
"contribute to soft handover gain") within the permitted receive time-window W. 
Increasing the size of the time-window W would mean that the Serving radio network 
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controller RNC 14 has to buffer frame F (traffic block #(x+l) from the cell 18 (denoted 
Cell#l))for longer. 



Delay Determination 

5 The delays due to transfer between the two radio network controllers 

(RNC) 14,26 and between the respective radio network controller (RNC) 14,26 and the 
base stations 16,24 can be determined using UMTS-standardised uplink/ downlink 
node synchronisation procedures or an uplink/ downlink dedicated channel (DCH) 
synchronisation procedures. Specifically, these delays can be determined using either of 

10 the following two procedures over the IuB interface 28, or each of the IuR interface 8 
and IuB interface 30, as appropriate. The procedures are based on the same principle, 
namely sending out a"pinging" signal to a destination node to find out whether the 
destination node is alive, the destination node sending an appropriate response. The 
"round trip" time from sending the pinging signal to receiving the associated response 

1 5 is then determined. 

One Procedure (DCH Synchronisation) 

This procedure is initiated by the serving radio network controller 

(SRNC) 14 by sending a downlink synchronisation control frame towards a base station 
20 16,24 in soft-handover connection. This control frame indicates a target connection 

frame number (CFN). 

Upon reception of the downlink synchronisation control frame, the base 

station 16,24 immediately responds with an uplink synchronisation control frame 

indicating the time of arrival (ToA) for the downlink synchronisation control frame and 
25 the connection frame number (CFN) indicated in the received downlink synchronisation 

control frame. The uplink synchronisation control frame is always be sent as a response, 

even if the downlink synchronisation control frame is received by the base station 

within an expected arrival window. 

30 Other Procedure (Node Synchronisation) 

This procedure is initiated by the serving radio network controller 
(SRNC) by sending a downlink node synchronisation control frame containing a 
parameter Tito a base station 16,24. Upon reception of a downlink node 
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synchronisation control frame, the base station 16,24 responds with uplink node 
synchronisation control frame, including parameters T2 and T3, as well as the Tl 
parameter which was indicated in the initiating downlink node synchronisation control 
frame. 

5 The Tl, T2, T3 parameters are as follows: 

Tl is the radio network controller (RNC) specific frame number (RFN) 
that indicates the time when the radio network controller (RNC) sends the downlink 
node synchronisation control frame for transmission, in particular by sending the frame 
from a service access point (SAP) to the transport layer in accordance with the layered 
10 communication protocol defined for UMTS systems. 

T2 is a base station specific frame number (BFN) that indicates the time 
when the base station receives the corresponding downlink node synchronisation 
control frame through the service access point (SAP) from the transport layer. 

T3 is a base station specific frame number (BFN) that indicates the time 
1 5 when the base station sends the uplink node synchronisation control frame through the 
service access point (SAP) to the transport layer. 
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Claims: 

1. A method of selecting cells (18,22) of base stations (16,24) of a 
network for mobile telecommunications for soft-handover connection with a mobile 

5 user terminal (20) so as to provide at a first network node (14) multiple received 
representations of a data frame from the mobile user terminal (20) within a 
predetermined period, 

for each cell (1 8,22) delay due to transfer of a representation of the 
received data frame across interface(s) (28,30,8) between network nodes along a 
10 transfer path to said first network node (14) is estimated by determining the contribution 
to the delay caused by each interface along the transfer path, 

cells (18,22) being selected dependent upon the associated delays. 

2. A method of selecting cells according to claim I, for inclusion in an 
active set of cells in soft-handover connection. 

15 3. A method of selecting cells according to claim 1, for inclusion in a set 

of cells to be monitored as to radio quality for possible inclusion in an active set of cells 
in soft-handover connection. 

4. A method of selecting cells according to any preceding claim, in which 
cells (18,22) are selected dependent on factors comprising the delay estimated, the 

20 received signal quality and the radio resources available. 

5. A method of selecting cells according to any preceding claim, in which 
each cell (18,22) estimated as providing a representation of the received data frame that 
arrives at said first network node (14) later than a predetermined time (W) after the first 
(F) of the representations of the received data frame is not selected. 

25 6. A network for mobile telecommunications comprising a selector (12) 

operative to select cells (18,22) of base stations (16,24) for soft-handover connection 
with a mobile user terminal (20) so as to provide at a first network node (14) multiple 
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received representations of a data frame from the mobile user terminal (20) within a 
predetermined period, 

and further comprising delay estimation means operative to estimate, for 
each cell (18,22), delay due to transfer of a representation of the received data frame 
5 across interface(s) (28,30,8)between network nodes along a transfer path to said first 
network node ( 1 4) by determining the contribution to the delay caused by each interface 
along the transfer path, 

the selector (12) being operative to select cells dependent upon the 
associated delays. 

10 7. A network for mobile telecommunications according to claim 6, in 

which the selector (12) is operative to select cells for inclusion in an active set of cells 
in soft-handover connection. 

8. A network for mobile telecommunications according to claim 7, in 
which the selector (12) is operative to select cells for inclusion in a set of cells to be 

1 5 monitored as to radio quality for possible inclusion in an active set of cells in soft- 
handover connection. 

9. A network for mobile telecommunications according to any of claims 
6 to 8, in which the selector (12) is operative to select cells dependent on factors 
comprising the delay estimated, the received signal quality and the radio resources 

20 available. 

10. A network for mobile telecommunications according to any of claims 
6 to 9, in which the selector (12) is operative such that each cell (18,22) providing a 
representation of the received data frame that arrives at said first network node (14) later 
than a predetermined time (W) after the first (F) of the representations of the received 

25 data frame is not selected. 
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(abstract) 

A METHOD OF SELECTING CELLS OF BASE STATIONS FOR 
SOFT-HANDOVER CONNECTION, AND A NETWORK FOR 
MOBILE TELECOMMUNICATIONS 

A method is provided of selecting cells (18,22) of base stations (16,24) of 
a network for mobile telecommunications for soft-handover connection with a mobile 
user terminal (20) so as to provide at a first network node (14) multiple received 
5 representations of a data frame from the mobile user terminal (20) within a 

predetermined period. For each cell (1 8,22) delay due to transfer of a representation of 
the received data frame across interface(s) (28,30,8) between network nodes along a 
transfer path to said first network node (14) is estimated by determining the contribution 
to the delay caused by each interface along the transfer path.Cells (18,22) are selected 
1 0 dependent upon the associated delays. 
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